Fake Lepton Estimation
in ttH Multi-Lepton Analysis
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Top Quark: Bull in a China Shop

Post-Higgs discovery:

* Measuring Higgs Yukawa couplings at the LHC
* Top is heaviest fermion in the SM—largest Yukawa coupling A1, = 1
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https://indico.scc.kit.edu/indico/event/267/session/0/contribution/11/material/slides/0.pdf

*

RABBUNGREBRARRRERSL
M(H)= 125 GeV =

T
—

11l 111
LHC HIGGS XS WG 2016

—
o
IHHl T
— e - e o e
|

o(pp — H+X) [pb] |
TTT T T T T T T TTTT
- 1
© 4
\ ]
T ]
’2 a
o @
¥ R
o 8 ]
\@) i
J 1
\7,1 ]
(@] B
Z
T+

—
TTT

. | i

_1_— I —]

107t i -

N | i

i I ]

10‘25— | =
Il

[l II\\IIII 11l IIIl‘lllllII\\IIIII*\JII'IIIIlZJ
6 7 8 9 10 11 12 13 _14 15
(s [TeV]

Post-Higgs discovery:

 ttH production: best direct way to measure top quark Yukawa
coupling
 ttH production cross section at 13TeV:
0.507pb*55,2(QCD scales)+3.6%(PDF,a)
* Only ~1% of the total Higgs cross-section
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ttH production
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ttH production
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* High multiplicity final state:  « Light-lepton channels are more
leptons, jets, bjets sensitive to H » WW decays

* Have 7 categories based on * Tpqq Channels are more sensitive
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ttH Multilepton same Sign Dilepton Region

Work in process

ATLAS

Is=13TeV - ATLAS  Work in process
2
S
2088 W g misid W "
itz [ Diboson
I Fake 7, @ Non-prompt
1 Other

romp
CORadiation
COOther

- HF

mmLF

I UN

I Tau

* Main background sources:

e Standard model processes with all

prompt lepton
- - Semileptonic Photon
e ttW, ttZ other rare SM processes b-decay conversions

* Electron charge mis-identification | fake ¢

* Events with fake/non-prompt light
leptons

* Semileptonic b-decay,
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Fake Lepton Estimation => Template Fit

Assumption:

* Rely on Monte Carlo (MC) to describe
desired observables (jet multiplicity ect.)

* Build templates based on the truth
classification of events containing a non- 06
rompt lepton, a free floatin% normalization
actor (NF) is assigned to each of them
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Fake Lepton Estimation => Template Fit

Assumption:

* Rely on Monte Carlo (MC) to describe
desired observables (jet multiplicity ect.)

* Build templates based on the truth
classification of events containing a non-
rompt lepton, a free floatin% normalization
actor (NF) is assigned to each of them
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Fake Lepton Estimation => Template Fit

Assumption: -
:
=)
Fake
CRs
1
* Overall normalization same in control
regions(CRs) and signal regions(SRs) N
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Fake Lepton Estimation => Template Fit

Nb—jets
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Challenge:

* Very complex fake compositions and
limited MC stats.

* Adding Nj.;s € [2,3] as fake control region
* CRs chose based on MC stats.

* Large ttW contribution in the fake
lepton enriched region and ttH
enriched region

* Free float ttW normalization

e Build ttW enriched region in High NJ
regions

* High correlations between those NFs

e Variables are carefully chose to
decorrelate NFs
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Fake Lepton Estimation => Template Fit

Nb—jets
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ATLAS Work in process
fs=13Tev
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Challenge:

* Very complex fake compositions and
limited MC stats.

* Adding Nj.;s € [2,3] as fake control region
* CRs chose based on MC stats.

* Large ttW contribution in the fake
lepton enriched region and ttH
enriched region

* Free float ttW normalization

e Build ttW enriched region in High NJ
regions

* High correlations between those NFs

e Variables are carefully chose to
decorrelate NFs
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Events

Data / Pred.

Application of Template Fit

Apply NFs to validation
regions (Regions not put in the fit )

Input Bins:
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Conclusion and Future Plan

i

* We study Higgs top yukawa
coupling through ttH multi-
lepton channel

* We find a good way to estimate
non-prompt/fake lepton
background

* As we continue to explore this /-_1
Higgs decay mode and production

mode: FIND A
. iff
yfeigktér}gsgtﬁsnd different sources WAY OU T

* Need better understanding of ttW oMMNITY SERUCE AANGACEIENT
process
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Thank you ©
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